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long wavelength dyes consist, in general, of long polymethine chains, which because of their fragility decompose readily when exposed to radiation. Since all lasing dyes are at present excited by radiative sources, it is important to know their photochemical stability to the exciting photons. Optimum dyes would be those with the highest combination of lasing efficiency and resistance to photochemical bleaching.
Using a 5 pps, 50 nsec Q-switched, multimode ruby laser with output averaging 1.4 MW per pulse, we angle-pumped (14") a 1 or 2 mm long quartz spectroscopic cell sequentially filled with a number of dye-solvent mixtures. A UV blocking filter shielded the dye from the bleaching effects of nondesirable high frequency radiation of the ruby laser's flash lamp. The cell formed the active region of either a broad band lasing cavity composed of a fully reflecting mirror and a 45 reflecting output coupler, or a narrower band (5 A) oscillator wherein the fully reflecting mirror was replaced by a 600 l/mm grating. Output measurements from this cavity determined the dye lasing efficiency. The observed degree of absorption of the incident ruby by the dye before and after exposure to 1500 ruby pulses was used to calculate the number of dissociated dye molecules per ruby photon absorbed, i.e. the probability of bleaching of the dye. The experiments included four new Kodak modified tricarbocyanine salt IR dyes' containing ring structures to strengthen the normally chain-like molecules against bleaching. Our results show that three 132, 144) of the four are substantially more photochemically resistant than other molecules we analyzed. However, one of the new dyes (Kodak 123), although lasing well, shows only average photochemical stability. Sixteen of the best dyes were studied in detail. Of these the following seven dyes cover the entire spectral region 710-950 nm: 3, 3'-dimethyl-2, 2'-(5, 5'-dimethyl)-thiathiazolinotricarbocyanine iodide (710-735 nm) I 3, 3'-diethyl-2, 2-oxatricarbocyanine iodide (725-770 nm); Eastman Kodak IR-123 (765-815 nm); 3, 3'-diethyl-2, 2'-thiatricarbocyanine bromide (DTTC Bromide) (810-830 nm) 3, 3'-diethy1-2, 2'-(5, 5'-dimethoxyj-thiatricarbocyanine iodide (820-875 nm); Eastman Kodak IR-125 (840-920 nm); 3, 3'-diethyl-12-acetoxy-2, 2'-thiatetracarbocyanine perchlorate (920-950 nm); The optimum solvent for these dyes was found to be DMSO. Lasing efficiencies for 2 M concentrations varied from 18 to 43%. Bleaching probabilities ranged from 1.2 to 3.0 Quality factors, Q, defined as the ratio of the lasing efficiency to bleaching probability, varied from 1.3 to 11.7.
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Pulsed operation of flashlamp pumped dye lasers at high repetition rates is usually limited to a frequency roughly equal to the reciprocal of WEDNESDAY MORNING dye interchange time. By flowing the dye at a given rate transverse to the laser axis, the maximum pulse repetition rate is increased over that of the axial configuration by essentially the aspect ratio of the laser channel, is., by length/ diameter.
A transverse flow dye laser pumped by two linear flashlamps in a close coupled configuration has been built. The lamps are water cooled and easily replaceable without disturbing dye seals or optical alignment.
The laser system is comprised of three sections: the laser head with pulse modulator, liquid flow system, and power supply. The cross section of the laser channel resembles that of a convergent-divergent nozzle and discourages the onset of parasitic modes. The linear, xenon filled flashlamps are housed in trough shaped reflectors which also serve as the cooling water channel and low inductance current return path. No adhesive or epoxy seals are used and hence the laser is compatible with a wide variety of solvents. The side windows may be pyrex or one of the varieties of quartz and are interchangeable to control the UV content of the flashlamp light. Optical distortions arising from temperature gradients in the lasing medium are minimized by thermal insulation and boundary layer control. A high voltage pulse preionizes each flashlamp prior to the main discharge to increase the lamp performance and lifetime and to facilitate triggering as the lamps age. Thyratron switchgear is used for both the preionization and main discharge to insure good pulse to pulse reproducibility and low jitter. Spectral narrowing and tuning are achieved with a telescope and multiprism ring.
The transverse flow dye laser operates at a repetition rate of up to 100 Hz and with smaller bore lamps, up to 500 Hz. An average power level of 6 watts (Rhodamine 6G at 30 Hz) under broadband conditions and 3 watts at a bandwidth of 2 8, has been achieved. The pulse duration varies from one-half to one microsecond depending upon the choice of discharge capacitance and the beam divergence is typically a few milliradians.
The performance of water/alcohol mixtures of several dyes has been tested. A general reduction in beam divergence and bandwidth has been observed with water/methanol solvent mixtures as compared to 100% methanol. The spectral brightness of Rhodamine 6G, for example, is increased by 40% using a 30% water/70% methanol solvent over that of 100% methanol. A similar enhancement in spectral brightness occurs with solvent mixtures of 50% water/50% alcohol but at this point the average power is falling off.
Results with water/alcohol solvent mixtures indicate that potential safety problems associated with storage and handling of large volumes of alcohol may be substantially reduced without loss of laser efficiency or beam quality. The application of organic dye lasers to isotope separation requires the simultaneous achievement of high average power and single mode, spectrally narrow output, AA/A = Previously reported narrow line lasers' have been limited to low average powers to minimize thermal effects which severely restrict single mode operation. This represents the ultimate limitation on the scalability of dye lasers to high average powers.
Thermo-Optical Limitations
This limit is critically dependent upon the properties of the solvent used for the lasing molecules. The most sensitive of these properties is the variation of refraction index with temperature. The solvent of choice is usually water because of its large heat capacity and small variation of index with temperature.
The determination of the high average power limit must be based on an evaluation of the efficiency of the laser at some suitable operating ' This work was performed under the auspices of H. Walther, Physica Scripta, vol. 9, p. 297, 1974. the US. Atomic Energy Commission. 
